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Analyses of Bose-Einstein Correlations in W+W~ events at LEP2 by the four LEP 
collaborations are presented. In particular, Bose-Einstein correlations in W+W~ 
, overlap are investigated and the possible existence of these correlations between 

particles coming from different W's, which may influence the W-mass measure- 
ments in the fully hadronic channel e+e~ — > W"'"W~ qiq2q3q4. No evidence 
for such an inter-W Bose-Einstein correlation is found. The results are preliminary. 
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1 Introduction 



Bose-Einstein interference is observed in hadronic Z-decay as an enhanced 
production of identical bosons at small four-momentum difference u. There 
^ . is no reason why such an interference should not be present within hadronic 

W-decay (intra-W BE interference), as well. Indeed, the four LEP coUabo- 



j. . rations measure intra-W Bose-Ejiiistein correlations (BEC), as a consequence 

of intra-W BE interference, see 13 and references therein. Furthermore, since 
in fully hadronic WW events (W+W~ qiq2q3q4) the W-decay products 
overlap in space-time at LEP2 energies, it may be natural to expect inter- 
ference also between identical bosons originating fronxjiifferent W's (inter-W 
' BE interference). Together with colour reconnection □, inter-W BE interfer- 

ence not only forms a potential bias in the determination of the W-mass, but 
^ ^ also may provide a laboratory to measure the space-time development of this 

D . overlap. In this contribution, the latest preliminary results of the four LEP 

' experiments on inter-W BEC are presented. H 
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, 2 Analysis 

H ■ 

\ The largely model independent method used to study inter-W BEC is based 

on that proposed in. □ If the two W's would decay independently, the two- 
particle density in fully hadronic WW events, , would be given by 

^2p^ip,,P2) + 2p^ip,)p'^ip,) , (1) 

where the superscripts, e.g., WW, indicate which W's decay hadronically. Ex- 
perimentally, p^^ is measured in the fully hadronic WW events and p^ in 
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the semi-hadronic events, i.e., events where one W decays hadronically and 
the other W decays into a charged lepton and its corresponding neutrino. To 
measure the product of the single-particle densities, a two-particle density, 
p(pi,P2)mix^ ' is constructed by pairing particles originating from two dif- 
ferent semi-hadronic WW events. By construction these pairs of particles are 
uncorrelated. 

Since BEC are large at small values of the four- momentum difference, Q, 
between two identical particles, and since the statistics are too poor (about 
10k WW events are selected per experiment at LEP2, at 160 < ^/s < 209 GeV) 
to do a multi-dimensional analysis, the two-particle densities are measured in 
this one-dimensional distance measure: P2{Q) = j^~~d^^ where A^ev is the 
number of events that is used and ripairs is the number of particle pairs. 

Deviations from the hypothesis that the two W's decay independently can 
be found in deviations from Eq. (j^). Therefore, the following test statistics 
are used: 

WW 

Ap^pww_2^w_2^w+w- . (2) 

To diminish artificial distortions due to event mixing, non-BEC and vari- 
ous detector effects, also the double ratio D' = D/Dmc hoBE is used, where 
-DmchoBE is a MC sample without BEC, or at least without inter-W BEC. 
Evidently, Ap ^ and D = D' ^ 1 in the case of inter-W BEC. 



3 Results 

Fig. |l| shows the distributions of D and D' for like-sign track pairs, for the 
L3 data collected in the period 1998-2000. It is clear that the data show flat 
distributions in both cases (the same conclusion is obtained for the Ap{Q) 
distribution, which is not shown), indicating no evidence for inter-W BEC 
and D ^ D' (i.e., only a small model dependence). AlsOj-shown in the figure 
are the predictions of a MC with the BE32 algorithm u and tuned to the 
Z-data, for the scenario where correlations between all particles are allowed 
(BEA) and for the scenario where only intra-W BEC are allowed (BES). It 
is clear that the BEA scenario is disfavoured, while BES describes the data. 
In particular, D'{Q) is fitted by (1 +eQ){l + Aexp(— fc^Q^)), where e, A and 
k are the fit parameters. The parameter A measures the strength of inter-W 
BEC. The result of the fit is A = 0.008 ± 0.018(stat) ± 0.016(syst). This can 
be interpreted as evidence against BEC between identical particles originating 
from different W's. 

Analogously, Fig. | shows D{Q) and Ap{Q) for the DELPHI data. The 
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Figure 1. The ratios D, (a), and D' , (b), 
for like-sign pairs, using the L3 data. 
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Figure 2. The test statistics D{Q) and 
Ap(Q), using the DELPHI data. 



same conclusions are obtained as for the L3 data: there is no evidence for inter- 
W BEC and a MC with inter-W BEC is clearly disfavoured. In particular, 
D{Q) is fitted by 7(1 + + Aexp(-A;(5)). Fixing k at 1.01 fm (computed 

from a MC with inter-W BEC, using BE32), one obtained A = -0.037 ± 
0.055(stat) ± 0.055(syst), consistent with no inter-W BEC. 

The ALEPH collaboration also computed the Ap{Q) and D{Q) test statis- 
tics. Qualitatively, the same observations are made as by L3 and DELPHI: 
the data show flat distributions, indicating no evidence for inter-W BEC. A 
MC with BEA is disfavoured and the BES scenario describes the data. No 
numbers are computed, yet. The 'standard' analysis of ALEPH differs from 
the method explained in Sect. |[ It starts by defining a correlation function 
i?2 = P1I PQi where po is the two-particle density that would occur in a world 
without BEC. This correlation function is computed for the selected fully 
hadronic WW jfivents and for two MC scenarios, BEA and BES, using the 
BE3 algorithm El (the MC is tuned on a light-quark Z-decay sample) . One ob- 
serves that the BES scenario describes the data, whereas BEA is disfavoured. 
Although this result agrees with the results from the method explained in 
Sect. 1^, it should be realized that there is a strong model dependence, due to 
the MC that is needed to compute po, and that i?2 is also sensitive to intra- W 
BEC. These are two disadvantages with respect to the method of Sect. ^j. 

Unfortunately, the OPAL collaboration has no new results since 1999. A 
new analysis, using the method of Sect. ^ is in progress, but is not finalized, 
yet. The results of the 'old' analysis are based on a completely different 
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method and due to the lack of statistics the results are inconclusive, but not 
in contradiction with the others. 



4 Summary and Interpretation of the Results 

A common method is used by L3, DELPHI and ALEPH (and will be used 
by OPAL), to search for inter-W BEG. No evidence is found for the existence 
of these correlations and MC models allowing inter-W BEG axe (greatly) 
disfavoured. The picture is now more consistent than a year ago: a There is a 
generally accepted common method and the results from all experiments are 
more or less consistent. This provides a basis to combine results of the four 
LEP experiments into one single number in the near future. _ 

Provided that there is no colour reconnection, the Lund string model 13 
can only give the BE effect between bosons coming from the same string. 
Thus, the data, that do not show any indication for inter-W BEG, are no 
problem for this model. 

The positive outcome of the BE analyses, is that the effect on the W 
mass measurement due to intcr-W BEG, is small. At the time that W pro- 
duction started at LEP2, the worst case scenario predicted an effect on the 
measurement of the W mass up to 100 MeV. □ Before the results shown in 
this contribution, the L3 collaboration j^stimated the error to be 60 MeV. □ 
Now, it has been reduced to 20 MeV. The error is expected to go down 
even further, when the LEP results are combined. 
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